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ABSTRACT 
We propose to use the 1.75 mr neutral beam in the 
Meson Lab to study the reaction 
n + A ~ N* + A 
. L(p + TT-) 
for targets with as large a range in atomic weight as 
possible (e.g., hydrogen through lead) and incident neutron 
energies from approximately 80 to 200 GeV. The aim is to 
study 
(1) 	 the cross section vs. energy and mass for (pn-) masses 
f~om 1.08 to approximately 4.7 GeV, 
(2) 	 The A dependence of the cross section from which in­
formation on N* total cross sections in nuclear . 
matter can be extracted, 
(3) 	 the t-dependence which, for the lighter elements, 
gives information on nuclear structure parameters, 
(4) 	 angular distributions ..of the decay products from 
which information on quantum numbers of the N* and 
the exchanged particle can be extracted. 
This experiment would be a natural extension of a similar 
experiment carried out by our group at the AGS last summer. 
The experience gained in the AGS experiment will be very 
valuable in designing an experiment for NAL. 
Correspondent; Michael J. Longo, 	 University of Michigan 
313-764-4443 
I. Introduction 
In the past few years coherent production processes off 
nuclei have become the subject 6~ i~tense experimental and 
theoretical study. Such processes are typically only possible 
with very high energy beams and the extension of these studies 
to NAL energies is of great interest. The requirement that 
the target nucleus remain intact and in its ground state for 
coherence considerably restricts the quantum numbers of the 
particle exchanged between the beam particle and the target 
nucleus, thus making such processes amenable to theoretical 
analysis. Nevertheless there is at present relat-ively little 
data to 
; 
confront the various theories,l and our understanding 
of these processes is still limited. Recent reviews of the 
. 
. . h b • b . h 2 . 3current sltuatl0n ave een glven y Blng am and Morrlson. 
Beams of neutral particles (y, KO, n) are rather convenient 
for studies of coherent production because they can dissociate 
into t~o charged particles. We propose to use a neutron 
beam with a broad energy spread (= 80 to 200 GeV) to study 
the process 
n + A ... N* + A 
where the N* is any excited state decaying into p+n-. The 
angular distribution of coherently produced N*'s is strongly 
peaked forward. If t is the four-momentum transfer to the 
-2­
nucleus squared, then the t-distribution is roughly exponential, 
i. e., 
do bt 
0:: edt 
For reasonably small N* masses the opening angle of the 
(n-p) pair is rather small. [Typically e ~ 2'/m*2':' 1 /p
op 
where m* is the mass of the N* in GeV and p the incident neutron 
momentum in GeV/c.] It is therefore possible to use a 
spectrometer with rather small aperture to detect both the p and 
n. If the vector momenta of the p and n are measured all the 
relevant kinematical quantities can be determined; these include 
the momentum of the incident neutron, the N* mass, tl=t_t .
ml.n 
(= p2), 'the decay' angle, and the angle of the decay plane 
.L 
relative to the production plane. The fit is with zero con­
straints. However the requirement that the t'-distribution 
must show a sharp peak whose width is characterized by the 
nuclear radius provides a means of estimating noncoherent 
background. Our experience at the AGS shows that it is indeed 
possible to obtain a clean signal. This will be discussed in 
the next section. 
II. The AGS Experiment 
The AGS experiment was completed last AUgust. The data 
analysis is well underway, but no results have yet been published. 
-3­
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No other group has studied this reaction. We therefore present 
here a brief discussion of some yery preli~i~ary results to 
serve as a fram~work foro~r proposal t? ~xte~d these measurements 
to NAL energies. Most aspects of the experime~t i3cale readily 
to higher energies. Cross _sections are expected to remain 
roughly constant between 30 and 200 GeV/c. The range of N* 
4 
masses available is of course larger at higher energies. In 
many respects the experiment is easier at higher energies. 
The circumstances of the AGS experiment were somewhat 
. -. 
II 
unusual and deserve explanation. The experiment was undertaken 
without official approval upon completion of an approved 
experiment to study n-p charge exchange. The setup, tuning, 
and data taking of the diffraction dissociation experiment 
were carried out in a total calendar time of about three weeks, 
The experiment made use of equipment from the charge-exchange 
experiment which had to be rearranged • 
.Despite the severely limited running time and simple 
triggering arrangement we Were able to record ~106 triggers 
with targets of C, CH2 , Cu, and Pb. About 10% of the triggers 
reconstructed to give (n-p) events with t and m* in the desired 
range. The experimental arrangement used is shown in Fig. 1. 
The target was surrounded by an anti-counter except for a small 
hole in the forward direction. The ~rigger was P A A in1 1 2 
-4­
coincidence with either LIRI or L R • ' Event rates were limited2 2 
only by the spark chamber recovery time. Trigger rates greater 
than 30 per burst could easily. have been obtained. 
:Figure 2 shows the uncorrected incident neutron spectrum 
reconstructed from the carbon data. Figure 3 shows the dis­
tribution in t' for the carbon and lead data. The background 
under the coherent peak is ~ 20% for carbon·and somewhat less 
for lead. -This may be reduced somewhat as the analysis proceeds. 
. 1 h . '" ( / -2 I .The exponentJ.a slope of t e background J.S= 10. Gey c) J.n­
.j 
dicating that it is probably due to incoherent production from 
233 (GeV/c) which is considerably smaller than the expected 
individual nucleons. The exponential slope at small t' for 
'....
carbon is ~ 49 -2(GeV/c) I about that expected. For lead it is 
-2 ~ I 
value of approximately 3S0(GeV/c)-2. This is due at least in 
part to the smearing out of the peak by both the experimental 
angular resolution and coulomb scattering in the lead target. 
This emphasizes the need for good resolution ~nd thin targets 
to reduce this smearing and thereby minimize the background 
under the coherent peak. 
Figure 4 shows preliminary (n-p) mass distributions for a 
sample of our data with carbon and lead targets for events in 
the coherent peak. No well defined peaks appear. As has been 
S
observed in p-p experiments the mass distribution is dominated 
-5­
by a broad peak at low masses. The requirement that the re­
" .. 
coil nucleus remain intact puts a limit on the maximum 
momentum that can be transferred"to the mucleus and sets an 
'I 
"" / 1/3effective upper limit on m*~' If we take p = m A I for 
- max TT - ­
25 GeV/c incident neutrons this is =1.95 GeV for carbon and 
, 
~ 1.4 GeV for lead. This partially explains t~e paucity of 
events with masses of this order in the data samples presented, 
although for carbon the mass distribution falls off faster than 
would be expected from this kinematical effect and the geo­
metrical efficiency of the apparatus. 
No evidence for a peak corresponding to the /:,.(1236) 
can be s~en in the lead data. It should be possible to produce 
isospin 3/2 states by photon exchange. The cross section for 
/:,.(1236) production should therefore vary as z2 and is expected 
to be sizeable for lead. The cross section for /:,.(1236) pro­
duction by incident neutrons has been calculated explicitly by 
. d 6Nagashlma an Rosen. It may be that when the data analysis is 
further along, some evidence for /:,.(1236) production will be 
seen but at present there is no sign of it. 
We are presently studying the angular distribution of the 
N* decay products in both the Jackson and helicityframes. This 
should provide information on the quantum numbers of the 
states involved. Preliminary results indicate that neither s-
channel nor t-channel helicity is ccnserved, in contrast to 
-6­
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results obtaihed in several other react10ns •• Further results 
, 
from tbe AGS experiment will be forwarded as soon as they are 
available. 
III. The Proposed Experiment 
A. Purpose 
On the basis of our experience at the AGS we have a 
pretty good idea of what to expect at NAL energies. It will be 
-- , 
possible to study a much larger range of m* in the NAL experiment 
(up to approximately 4.7 GeV with carbon targets, and 3 GeV 
with lead). It is possible that well-defined peaks will show 
up in the mass spectrum at higher energies. However even 
without such peaks -the mass spectrum and angular distributions and 
their variation with energy and atomic weight are of great 
interest. 
The chances of seeing a clean t::.(1236) peak from Coulomb 
dissociation at higher energies seem relatively good. The 
total cross section for producing the t::.(1236) is expected to 
increase by about a factor- of five between 25 and 170 GeV/c 
(Ref. 6). Diffraction dissociation by "Pomeron" exchange is 
expected to remain fairly constant at high energies (depending 
somewhat on the model chosen), so it may be easier to see 
coulomb production of the't::.(1236) at NAL en~rgi~s. 
Perhaps one of the most important lessons of the AGS 
-7­
experiment is that one would like to obtain a really large 
~ 
number of events (~ 10 times the number obtained in the AGS 
experiment). This is basic~lly because we a~e binni~g in a 
multidimensional space (incident neutron energy, N* mass, 
-- .• i .. . . 
atomic weight, ••• ). To determine the quantum, numbers of the 
states involved it is necessary to study the angular distri­
- - , 
bution of the decay products for small ranges in.m* and tl. 
This requires a large number of events and sensitivity over as 
large a range of angles as possible. 
Basically then the purpose of the NAL experiment would be 
to obtain good statistics over as large a range 
. 
of the 
-
relevant 
variable9 as possible. From this we hope to determine the 
following: 
1) The energy dependence of the cross sections 
2) The A dependence 
3) The dependence on N* mass 
t l4) The dependence on 
5) The angular distributions of the decay products vs. 
mass and t I. 
So little is known about these processes at present that it is 
hard to predict exactly where the most important physics lies.' 
It seems reasonable to expect that such information will go 
a long way in furthering our understanding of coherent production 
processes. 
- -
-8­
B. Experimental Arrangement 
-- 1 
We propose an experiment generally similar to the AGS 
expe!ime~t, but with considerable refinement in :t:he_e~perimental 
tec~nique and_ at least an order of magnitude more data. The 
details of the experimental arrangement depend to a large 
extent on the availability of magnets for the spectrometer. 
If larger magnets are not available we envision an arrangement 
8
that would use two 24" x 72" magnets with two slightly 
different configurations.' For relatively small N* masses 
- . I ~ 
(m* ~ 2.0 GeV), we would probably use a setup similar to that 
used at the AGS shown in Fig. 1_ with distances along the beam 
directiop scaled by a factor of appro~imately 6 and with two 
24" X 72" magnets. For larger masses a setup like that shown 
in Figure 5 would be more appropriate. To cover the desired 
range of M* and decay angles the magnet currents and target-
magnet spacing L would be varied in steps. Rates are expected 
to be quite high so the small solid angle subtended by the 24" 
X 72" magnets is tolerable, but larger magnets would obviously 
be preferable to reduce biases and allow a more complete 
coverage of masses and decay angles. The setup shown does 
have the advantage of flexibility. If a particular mass 
region turns out to be interesting it can be studied in more 
detail. 
-9­
The proposed arrangements are not optimized and should only 
~ .. .. 
be considered as representative. Details would be worked out 
.in consultation with NAL staff. A fairly modest setup is 
envisioned, since the/~xperiment is basically exploratory in 
nature. Our requirements are summarized below: 
6Beam - 1.75 mr neutral beam. Neutron flux ~10/burst 

Magnets - Two 24" X 72" (or larger) magnets for spectrometer. 

Targets - Most of the running would be done with solid targets. 

A hYdrogen-deuterium-helium target ~ 12" long may be used 
if available. 
Machine time - '""300 hours tuneup, 400 hours running. 
Other Requirements - A long spill is important since rates 
will be limited by chamber recovery time. A modest amount of 
fast electronics from the electronics pool will be sought. The 
spark chambers, on-line data acquisition electronics, and 
scintillation counters will be provided by the University of 
. . 
Michigan out of funds from an existing contract. Some use of 
an NAL computer for preliminary offline data analysis would be 
desirable. 
Scheduling - We would hope to follow the Ohio State-Michigan 
State np charge-exchange experiment (#12) in B~am 24. Our 
proposed spectrometer is very similar to theirs. We could 
use the same magnets and possibly other apparatus. 
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